Tritiated water was given to rats of various ages through a stomach tube. For the excretion study urine sample was collected periodically and its tritium concentration was determined with a liquid scintillation counter. The result showed clearly that the tritium metabolism depends on the age of the animal. The general trend was that the older the animal the longer the biological half life of tritium. The exception of this was the slightly longer biological half life for sucklings than that of weanlings. For tissue distribution study, experimental animals were sacrificed periodically after administration of tritiated water. Tritium incorporation was assessed both in the aqueous fraction and in the organic component of tissues from various organs, including the blood, brain, liver, muscle and testis. During the first several days after administration the tritium concentration in the tissue water decreased rapidly while that in the tissue organic matter decreased more slowly. This was more notable in the younger animals. In the weanlings, the tritium concetration became lower in the tissue water than in the tissue organic matter about 12 days of postadministration in contrast to the 24 days in the adult rat.
INTRODUCTION
It is known that the metabolism of a number of radionuclides varies in relation to the age of animals.
For example, the intestinal absorption of ingested radionuclides is greater in the suckling than in the adults' and the whole-body elimination rate is greater in the weanling than in the adult". Therefore, for the evaluation of risks to the general population from the internal exposure to radiation due to intake of environmental radionuclides, one must pay great attention to the age dependency of the metabolism of radionuclides in the body. Among radionuclides of importance in atomic energy, tritium occupies a special position of concern, because of its high yield in the reactor as well as easy release to the environment and easy entry to living organisms. Whereas the metabolism of tritium has been extensively studied, comparatively little information is available on the age dependence of tritium metabolism especially in animals of juvenile stage.
It is reported the tritium introduced as tritiated water into the organism behaves essentially as body water and that some of the tritium exchange with labile hydrogen in organic fraction to be incorporated into the hardly exchangeable position in organic compounds. Previously two of the present authors, Takeda, and Kasida, investigated the metabolism of tritium after adminstration of tritiated water in the rat. They revealed that the tritium was transferred from tritiated water into organic compounds and that the elimination of tissue bound tritium was related to the metabolic activity of the tissue".
In the present experiment, in order to acquire quantitative information on the age dependence of tritium metabolism, studies were made in rats of various ages on the distribution and retention of tritium in the body tissues and on the excretion rate after oral administration of tritiated water.
MATERIALS AND METHODS
Experimental animals used were Wistar strain rats of various ages bred and supplied by the animal and plant supply section of the National Institute of Radiological Sciences. Male rats were used in the experiment with an exception for the newborns and sucklings for which animals of both sexes were used due to the difficulty to separate them at an early age. The animal was kept in an animal room with controlled temper ature and air flow and fed a standard cubed diet (Funabashi Farm Co.) and water ad libitum for the whole experimental period. Rats of various ages were orally given a single administration of tritiated water diluted to an appropriate concentration by means of a stomach catheter and kept individually in a metabolic cage. In the case of newborn and suckling animals, litter size was adjusted to contain 10 pups where 6 pups were given tritiated water and the remaining 4 pups were not given radioactivity. Both groups were nursed in a same nursing cage by their mother in order to quantitate the extent of crosscontamination of tritium via milk.
After the administration of tritium, animals were sacrificed periodically by decapit ation and tissue samples were obtained from the blood, brain, liver, muscle and testis. Tritium incorporation was assayed both in the tissue water fraction and in the tissue organically bound fraction by determining the radioactivity in the fresh sample and the dehydrated one by means of oxidation in a Packard TriCarb Oxidizer and counting in a Beckman liquid scintillation system.
In the course of the experiment, daily urine samples were collected and its tritium concentration was determined. To obtain urine from sucklings, the animal was stimulated urination by lightly stroking the urethral papilla. All data except stated otherwise were expressed as the concentration ratio of tritium which were calculated as follows : radioactivity y _ in sample (cpm) w eight of sample (g) C oncentration ratio= _ radioactivity administered to animal (cpm) weight of animal at administration (g) 
RESULTS
In Fig. 1 3 shows the relative concentration of tritium in various tissues at various time after tritium administration to the rats of various ages. The height of each bar in Fig. 3 expresses the total tritium concentration in the fresh tissue relative to that in the urine at sacrifice. Each bar consists of two fractions, i, e., organically bound tritium and the tritium of water form. Values of each fraction were expressed by activity of tissue bound tritium and water from tritium; for example the value for tissue bound tritium fraction is calculated as the following activity of tissue bound tritium (cpm)
Fractional valueweight of fresh tissue sample (g) a ctivity of urinary tritium at sacrifice (cpm) weight of urine sample at sacrifice (g) At very early stage after the administration of tritiated water, the height of each bar is lower than unity and is very close to the water content of each tissue. This is because tritium exists mainly as body water at this stage. Contribution of tissue bound tritium to the total tissue tritium concentration became more significant as a function of time. Among the tissues measured the tritium concentration in tissue organic matter was relatively high in the liver at the early stage.
And as the time proceeds, the concentration in the brain and muscle became gradually higher than in the liver. Tissue bound tritium in the testis was always the lowest. Although these trends can Fig. 3 by those in Fig. 4 . For the simplicity sake, the arithmetic mean of values for five tissues was shown in Fig. 5 . These data show that the decrease in the tritium concentration was fast for the tissue water and similar to that for the urine which was shown in Fig. 1 Fig. 1 . Tissue retention of tritium, which are shown in Figs. 1 and 3 , can be described to first approximation as a two component exponential function.
Radiation dose for each tissue can be calculated using the integrated tritium activity in UCi-day (3 .7 X 104 Bq-day) per gram of tissue obtained from the retention function and the dose factor for tritium of 0.29 rad • g • €Ci-1 • day-1 (7.8 x 1011 Gy • kg • Bq-1 . d-1). Table 1 shows the approximate retention function of tritium in various tissues after oral administration of tritiated water, 1 ,aCi 3.7 X 104 Bq) per gram body weight , and radiation dose for first 35 days after administration.
The radiation dose was roughly same for various tissues of rats within the same age group. Owing to the rapid decrease in tritium retention in young age, the radiation dose in each tissue of younger rats is low compared with that of older rats, e. g., the dose for rats of 25 days old at the time of administration was about a half of that for 120 days old rats.
DISCUSSION
The data obtained in the present experiment confirm what has been reported on the occurence of organic bound tritium in a non-labile form following the intake of tritiated water 4-". Furthermore, the present experiment established a clear relationship between the age of the animal and the turnover rate for both the water form and tissue bound tritium.
This age dependency is quite apparent from the decreasing pattern of tritium concentration in urine as shown in Fig. 1 . As to the tritium con centration in tissue water calculated from those in fresh and dehydrated tissues, the decreasing patterns were very similar to those in urine and the clear age dependence was observed. Younger the animal the shorter the biological half life of water form tritium, with an exception of sucklings which showed slightly longer biological half life than weanlings.
On the other hand, in the case of the tritium concentration in tissue organic matter, the age dependence was less clear although the tendency that the younger animal had shorter half life was also noted.
Bogdanov et al. studied the dynamics of the metabolism of tritium in rats of different age groups ranging from 35 to 1000 days old after a single subcutaneous injection of tritiated water".
From the daily determination of the specific activity of urine they found a very clear age dependence of the biological half life of tritium. They roported that the augmentation of the biological half life of tritium with age is expressed in a logistic equation identical with that for the body weight growth. Mewissen et al. observed tritium metabolism in mice of various ages of both sexes, and concluded that the tritium in the free water component was essentially equivalent in all animals, irrespective of age and sex, following the administration of tritiated water and that the tissue bound component, however, was proportionately higher respectivively in juvenile, male adults, female adults, and newborn, suggesting that the rate of incorporation and/or utilization varied significantly with age and sex" The result of the present study was in good agreement with that reported by Bogdanov et al. but somewhat different from the observation by Mewissen et al. especially about the decreasing pattern of water form tritium.
The difference of species of the experimental animal may be a reason for the difference between our data and Mewissen's observation.
However, it is difficult for us to consider that even in mice the dynamics of the water metabolism is equivalent in all age groups.
The time is shorter in younger rats than in older rats when the specific concent ration of tritium in tissue organic matter becomes higher than that in tissue water. However, radiation dose calculated from the retention equation for younger rats was smaller than that for older rats because of the comparatively small contribution of tissue organic tritium compared with water form tritium.
As for the human beings the information about age dependence of tritium metabolism is very scarce. Butler and Leroy analyzed tritium content in urine sample of werkers and repoeted that as age increases the half life decreases". In this case the subjects were all adult and the differences of half life among age groups were rather small. Little information exists on the tritium metabolism in juvenility.
Using the data presented in Reference Man"', however, we can calculate the turnover rate of water in human infants to be about three times larger than in acults. Taking into account this fact as well as our observation in the present experiment, it may be concluded that the radiation dose after a single oral ingestion of unit amount of tritiated water per body weight would be lower for infants than for adults. Since the younger animals are reported to be more radiation sensitive and to contain more proliferating cells which incorporate tritium into genetic material, further investigation on the age dependency of tritium metabolism, especially its distribution within microscopic volume and tissue constituents of cells, would be necessary.
